as food by fish, birds, amphibia, and mammals, as well as man (54, p. 460). They commonly escape these predators by darting backward and away from an enemy on contact, or as the predator approaches.
This maneuver is accomplished by a sudden flexion of the tail, exerting a thrust backward and sometimes upward against the aquatic medium.
A single tail flexion, commonly called a tail flip or flick, often suffices; a more prolonged mode of escape, swimming, consists of a periodic sequence of abdominal flexions and extensions.
In 1947, Wiersma (67) showed that stimulation of any single lateral or medial giant fiber of the nerve cord lecl to a ra&l abclominal flexion. Recently it has been shown that the giant fibers excite all of the fast flexor motoneurons of the abdomen which innervate the phasic flexor muscles (37, 38, 61). It has been assumed from this evidence that the giant fibers are the sole command or decision fibers responsible for eliciting escape behavior. Schrameck (60) has shown, however, that many tail flicks-including most of those in swimming-are accompanied by giant fiber spikes in intact, unrestrainecl, chronically implanted animals. Nevertheless, recent experiments by Wine and Krasne (71) show that a phasic mechanical stimulus to the tail leads to tail flicks that are always mediatecl by lateral giant fiber activity.
For this particular input, therefore, the lateral giant is a critical decision fiber for the behavior.
Krasne has also found that repetition of the stimulus as slowly as once per minute reveals a lability in the response, which fails to follow an increasing proportion of the stimuli. The be-havior thus habituates to infrequently repeatecl stimuli.
However, since prolonged stimulation of the lateral giant at frequencies up to 1 Hz results in the continued appearance of tail flicks (38, 41), the response lability must be located in the pathways afferent to the giant fiber, or in that neuron itself.
In 1960, Kao (25) recorded slow depolarizing potentials in the lateral giant axon to shocks clelivered to afferent roots. The potentials could elicit spikes, and were therefore excitatory postsynaptic potentials (EPSPs). Krasne (40) showed that on repetition of a stimulus these EPSPs waned with a time course similar to behavioral habituation. This discovery represented an important neural correlate for an adaptive behavior, and it seemed that to the extent that the properties of the EPSP could be explained, the behavioral lability coulcl be explained in physiological terms. This paper describes the results of an investigation of the pathways responsible for the activation of the lateral giant. The seconcl paper (73) Fig. 5B . Stimulation of the cutaneous pressure receptors of the ventral soft cuticle (52), the sensory setae of the swimmerets (7), or the proprioceptors in the appendages (1, 7, 69) sometimes evoked a few depolarizing deflections in the lateral giant. Stimulation of these receptors invariably involved local water currents or sl ight vibra tions, howe ver, and it is likelv tha t these ex cited some tactile hairs, which in turn caused the responses observed.
The ventral nerve cord stretch receptors (24, 34) can be activated by extending the telson; this operation had no effect on the giant fiber. In five preparations, the pleural plates were trimmed off, the ribs cracked at their lateral junctions with the carapace, and the half dorsal carapace of all segments rotated around a longitudinal axis through the swimmeret coxa so (11, 13) of the same and next posterior segments were exposed (see ref 10 for dissection) and stretched with hooks; no response was observed in the lateral giant, even when other reflexes controlled by these re-ceptors were obtained (14). In the same experiments, the dorsal nerve branch containing the stretch receptor afferents was stimulated electrically; or else the branch to the phasic extensor muscles was stimulated. In both cases a second root monitor provided evidence that all axons present in the stimulated branch were responding; in neither case was a response seen in the lateral giant. This experiment eliminates the possibility of recurrent activation of the giant fiber on stimulation of extensor motoneurons. Finally, the caudal photoreceptor apparently does not excite the lateral giant, since it would be firing regularly under the conditions of these experiments (3 1) and would have led to the appearance of periodic EPSPs in the giant, which were never observed. It may be concluded, then, that the only significant sensory pathway activating the lateral giant escape system is the tactile hair population, at least in the third and fourth abdominal segments. Similar conclusions arise from the recent behavioral experiments of Wine and Krasne (71) and Larimer et al. (46), who also show that there is no input to this system from the head or most of the thorax. Thus, stimulation of an afferent root is approximately functionally equivalent to delivering a natural phasic tactile stimulus to the crayfish carapace or the medium surrounding it.
Properties of excitatory synapses onto lateral giant EARLY COMPONENTS.
The first part of the lateral giant response to afferent stimulation consists of monosynaptic electrically induced PSPs from tactile afferent fibers. (The second hump of the response is due to a fiber in the root whose spike height was too small to be recorded through the root monitor at the gain used.) The triangle points to the calculated arrival time of the afferent spike seen below.
This instant was calculated by measuring the distances between the two root electrodes and the microelectrode (see Fig. Z ), measuring the conduction velocity between the stimulating and recording root electrodes and, assuming this to be constant (see below), extrapolating the arrival time in the ganglion.
This technique is subject to two sources of error. I) The interval between stimulation and passage of the afferent spike past the root monitor includes an unmeasured utilization time for stimulation.
Normally, this utilization time is minimized by using very brief, intense stimuli. However, this procedure cannot be used here because such a stimulus would recruit many other afferent spikes in the root. Instead, a just suprathreshold, long stimulus was employed, and the latency was measured from the end of the stimulus pulse. If different pulses were chosen for stimulation, with longer and weaker shocks, the interval increased by increments corresponding to the increments in stimulus duraation. Furthermore, if a long shock adjusted as described above were greatly increased in strength, the latency was shortened by the duration of the stimulus. Thus with the procedure employed, the utilization time corresponds to the stimulus duration, and it is eliminated from the calculations by measuring latencies from the end of the shock.
2) The assumption of constant afferent velocity might be incorrect. In particular, it seems possible that the central afferent processes are thinner than the peripheral axon. This would cause the afferent impulse to arrive later than shown in the figures. In consequence, this error would cause measurements of synaptic delay, the latency between the calculated arrival time of the presynaptic impulse and the foot of the postsynaptic potential, to be overestimated. However, there is evidence that this error is negligible. On two occasions, a tactile afferent terminal was penetrated in a ganglion near to an interneuron onto which it synapsed. Stimulating the sensory axon through a distal root electrode, while recording an impulse from a proximal root electrode as well as the central process, the central and peripheral conduction velocities were calculated and found to be identical in both experiments. , and 7). Since these properties suggested that the late components might be polysynaptic, it was decided to investigate the possibility that interneurons excite the lateral giant.
Since the only pathways exciting the lateral giant cell are tactile ones, interneurons exciting the giant, if they exist, must be abdominal tactile interneurons.
A variety of such interneurons have been described in crayfish (68, 69). Single neurons can be identified and characterized by their receptive fields, locations, sizes, and response properties, and the same fibers can be located again and again in different animals, always having the same distinct and unique set of properties. Three such neurons which were studied extensively in these experiments are indicated in the cross section of the ventral nerve cord shown in Fig. 8 ron with a receptive field of tactile hairs on the ipsilateral second through fourth segments. Interneuron C (A64) is a multisegmental tactile interneuron responsive to tactile stimulation of the entire abdomen. In thirteen experiments, one of the above interneurons was dissected free from the nerve cord with fine needles and its influence on the lateral giant was tested by stimulating it while recording from the giant neuron. Interneurons A, B, and C, as well as others, did produce all-or-none, brief depolarizing potentials in the giant. Such a potential is seen as the second deflection in the first trace of Fig. 9 .
Before proceeding with a detailed analysis of these connections, it seemed important to establish that such potentials were involved in the late response of the giant cell to peripheral stimulation. In Fig. 9 , shocks were delivered to the second root and to interneuron C, and the interval between the shocks was varied to observe the interaction between the two lateral giant responses. When a peak in the S-component of the root response preceded the stimulus to the interneuron by 3 msec or less, the response to the interneuron spike was blocked (third and fourth traces). Furthermore, when the interneuron spike preceded the usual time of the peak of the P-component by 3 msec or less, the peak failed to appear. and that interneuron C is therefore part of a pathway shared by\ both direct stimuli and root stimuli, where the lateral giant is the final common element of the pathway (62). Figure  10 presents more direct evidence l-hat tactile intf3-neuroIls constitute an im- Figure  12 illustrates properties of the svnax>se between interneuron C and the latekal &ant. In Fig. 1%4 , the all-or-none, brief EPSP following stimulation of the interneuron appears in the giant dendrite with no delay following the calculated arrival time of the presynaptic impulse. It also follows stimulation at 400 Hz; many superimposed responses in Fig. 12B show that the shape is constant and that there is no latency jitter. By the same criteria applied to-the members of the a-component, it is concluded from over 10 similar experiments that these tactile interneurons electrically excite the lateral giant in each of several abdominal ganglia. Figure  13 (Fig. 14) , a spike is evoked and the animal produces an escape response. The escape behavior is as all-or-none as the impulse in the giant fiber (46, 67, 71), which thus constitutes a "decision fiber" for this behavioral response to phasic abdominal tactile stimulation.
The orthodromic spike riding on the compound EPSP in the lateral giant (Fig. 14A) since the latency to the IPSP is rather long and variable. 4 In Fig. 19, the 
